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CHAPTER 1

INTRODUCTION

Progress in digital technology has led to the development of
shared information among electronic subsystems, For example, a
number of digital processors may be interconnected via one common
communication channel, Recent advances in microprocessors have
made distributed processing a reality in many practical applications:
manufacturing, computing, integrated avionics systems, etc, One
technique for transferring information between several devices on
one common channel is known as time division multiplexing; the channel
over which the information is transferred is called a multiplex data
bus. [1] T

The mu1tip1ex:system is a collection of electronic devices which
send or receive signals for encoding and/or decoding; also, the system
is capable of storing for future dispersal messages which arrive simul-
taneously. The components of the multiplex system are, (1) the bus
controller, (2) remote terminals, (3) sub~ystems which may have em-
bedded remote terminals, and (4) the data bus., See Figure 1-1, The
data bus conveys information between the bus controller and the remote
terminals (RT)., The number of RT's ¢n the data bus depends on the com-
plexity of the desired system, The bus controller initiates information
transfers on the data bus and is an integral part of the multiplex sys-
tem, A subsystem is a functional unit which receives data transfer
service from the data bus. Frequently it is necessary to have more than
one data bus; a data bus which has more than one path between the sub-

systems is called a redundant data bus, Fiqure 1-1 illustrates a




redundant data bus architecture,

Discrete event simulation is a viable means of modeling digital
multiplex systems, Questions concerning data bus utilization and/or
bus traffic loading should be answered prior to the hardware develop-
ment of the system, A simulation model may be used in the preliminary
design and accuracy testing of a digital multiplex system, One such
simulation model which has been developed for this purpose is the
Multiplex System Simulator (MUXSIM) [2] . In building the model for
MUXSIM, FORTRAN IV and the GASP IV simulation languages were used;
however, other simulation languages such as GPSS II or SIMSCRIPT II
may be used, In selecting the simulation language to use in modeling
a multiplex system, care should be taken that the simulation language
matches the host computer system,

An overview of several current simulation languages is presented
in Chapter I1, In Chapter III, the general views of MUXSIM and the
analysis of the dynamic part of the MUXSIM system are described in
detail, The purpose of the dynamic MUXSIM (MUXDA and MUXDB) is to
model the time-variant or stochastic aspects of the system and to
obtain the simulation results on such system parameters as queue size,
time delay, system failure, etc, In Chapter IV, a programming example
of a single queue, single bus is presented in FORTRAN 1V, and three
different simulation languages, (GASP IV, SIMSCRIPT II, and GPSS II),
Chapter V is a comparative study of the simulation languages based on
the results of Chapter IV, Recommendations regarding the choice of a

language for multiplex simulation are 1‘nc1uded.r

i




A1l programs and modified programs which are used in this report

are included in the Appendix, Numbers enclosed in brackets [ ] refer

to the reference list at the end of the report.
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CHAPTER 11

SIMULATION LANGUAGE

Simulation is a good approach to analysis in the design and
operation of a complex system, It is necessary for the modern en-
gineer to be familiar with the techniques of simulation,

Large scale system modeling, using similation is very dependent
on the digital computer; therefore, one who is interested in sim-
ulation modeling should have a basic knowledge of computer science,
In this project, it is necessary to know FORTRAN IV as a requirement
for learning and working with the GASP IV simulation language,

The definition of simulation: Simulation is the process of
designing a model of a real system and conducting experiments with
this model for the purpose of either understanding the behavior of
the system or evaluating various strategies (within the limits im-
posed by criterion or set of criteria) for the operation of the
system [3].

In simulation modeling, the engineer seeks to describe a system
and its behavior, For this purpose, theories or hypothesis must be
constructed. These theories are used to predict future events,

The greatest advantage of simulation is its powerful education
and training application, because the development and use of sim-
ulation allows a means to find the problems which may happen in the
real world; this, in turn, helps in understanding and learning how
to handle the difficulties or problems, It should be pointed out
that the development of a good simulation model may require a lot

of time and expense,
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In addition, simulation modeling is a type of art work, and therefore
requires a talented engineer, Furthermore, the complexity of the sys-
tem may be such that it is not amenable to simulation, Thus, it is
possible that the results of a simulation do not always fit in the
real world, Another reascn for the difference between simulation re-
sults and real world is that we cannot create all the conditions in
our simuylation model; therefore, when possible, the results of a sim-
ulation should be compared with the direct experiment in the real life
systems, If there is too much difference in the results, the model
should be modified to overcome many difficulties in obtaining a good
match between the model and actual conditions,

Is it always possible to perform a direct experiment? The answer
is not always yes, because the direct experiment may be too costly and
time consuming, or it may be too difficult to maintain the same con-
dition for each run of the experiment, Also, it may not be possible
to create many types of alternatives in the real life, Furthermore,
the simulation result is numerical, These numbers may be truncated
several times during the simulation process itself; therefore, there
is always danger of obtaining an incorrect result or a slightly

different result from the real world,
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GENERAL VIEWS OF SIMSCRIPT II

SIMSCRIPT II is a very impressive and flexible computer pro-
gramming language, It can be used for general programming pro-
blems [4] [5]. SIMSCRIPT Il is divided into five language levels,
which are as follows:
1. Level One or Elementary User's Language
This is designed to introduce programming concepts if one is not
familiar with computer programming, This level is a simple teaching
language,
2. Level Two or Level of FORTRAN
This is almost 1ike the FORTRAN language, but is different in specific
features, For example, all variables are not real unless otherwise
defined; SQRT (square root) and other FORTRAN functions are not allowed
to be used as variable names,
3. Level Three or Level of PL/I or ALGOL
This level is almost comparable to PL/I or ALGOL, but as in level two,
they have many differences,
4, Level Four or Entity-Attribute-Set-Level
This level contains the entity-attribute-set of this language, The
simulation program in this level should have a preamble, and every
statement which appears in the preamble should define the existence
of a class of entities. An entity can belong to other entities,
have sets of other entities, and may have attributes,
5. Level Five or Simulation-Oriented Feature
Levels one through four present a general programming language, but

tevel five is different, in that it provides concepts and programming
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features for discrete-event simulation, Discrete-event simulation
handles models whose entities interact with one another at discrete
times, instead of continuously. This level deals with concepts and

statements made to help in modeling systems.

General Structure of Simulation Programming in SIMSCRIPT Il

Every EVENT must be defined in the preamble, scheduled by the
modeler, and must be supported by an event routine. For example,
for simulation of an arrival and departure, one should define arrival
and departure in the preamble. In the main program, the arrival
should be scheduled and after it, an event arrival must be written.
A schedule of departures should be in the event arrival and departures
should be supported by an event departure., Figure 2-1 illustrates

the general layout of the above example.
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Figure 2-1

parture,.

PREAMBLE

EVENT NOTICES INCLUDE ARRIVAL AND DEPARTURE
END
MAIN

SCHEDULE AN ARRIVAL

EVENT ARRIVAL

SCHEDULE A DEPARTURE

RETURN

END
EVENT DEPARTURE
RETURN

END

General Layout for the Simulation of an Arrival and De-
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GENERAL VIEWS OF GASP 1V

GASP IV was developed by Dr, A. Alan B, Pritsker at Purdue
University and is based on GASP II, which was developed at Arizona
State University, which in turn was based on the original GASP
developed at U. S. Steel by Mr, Phillip J. Kiviat. [6]

GASP is an acronym for General Activity Simulation program,

GASP 1V is a specialized language for constructing simulation models
of computer systems, It is a powerful and a well-documented simulation
language. GASP IV is a FORTRAN based simulation language and does

not require a separate compiling system, It is easy to maintain on
any machine which has a FORTRAN IV compiler. This simulation language
is used for discrete, continuous, and combined discrete/continuous
modeling and is the only simulation Tanguage with this capability.

It is easy to modify and extend to meet the needs of particular
applications. GASP IV has the capabilities for event control, to
update system variables, to initialize the state of system, and to
collect the statistical value,

A simulation program written in GASP IV is divided into two parts,
a user part and a GASP IV part. The user part consists of the main
program and subroutine. In the main program, all non-GASP variables
that remain constant for all simulation runs should be initialized.
Some of the most used GASP subroutines are described below:

Subroutine GASP is called via the main program. The general layout
of the main program is shown in Figure 2-2,
Subroutine INTCL is used to initialize non-GASP variables at the

start of each run,
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C MAIN PROGRAM
DIMENSION NSET (NNSET)
C NNSET to be specified
COMMON (GASP VARIABLES)
COMMON (NON-GASP VARIABLES)
EQUIVALENCE (NSET (1), QSET (1))
C Initialization of non-GASP variables
C Initialization of Card Re.der Value, NCRDR and Printer Value,
C NPPNT,
CALL GASP
C If more runs are desired, insert GO TO statement to either
C reinitialize non-GASP variables or to CALL GASP again,
STOP
END

Figure 2-2 The General Layout of the Main Program for GASP IV.

10




=

The user written subroutine EVNTS (IX) is called to pick up the
event code IX and to call the appropriate event code, The general

form event code is given in Figure 2-3,

SUBROUTINE EVNTS (IX)
DIMENSTON NSET (1)
COMMON QSET (1)
COMMON (GASP VARIABLES)
COMMON (NON-GASP VARIABLES)
EQUIVALENCE (NSET (1), QSET (1))
C For Single Queue and Single Server
C Simulation program which is written in this thesis
C IX has been specified as follows:
¢ If IX is 20, Event Arrival will occur.
C If IX is 30, Event Begin Service will occur,
C If IX is 40, Event Finish Service will occur,
G0 T0 {20, 30, 40), IX
20 CALL ARR
RETURN
30 CALL BEGS
RETURN
40 CALL FINS
RETURN

END

Figure 2-3 Layout of Subroutine EVNTS,

11
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Subroutine OTPUT produces some information in addition to the stan-
dard GASP summary report. It can be used as an end of simulation
event,

The GASP part of the simulation program consists of the subprogram
that prepares for the following functions: data collection, statistics
computation and reporting, monitoring and error reporting, random
deviate generation, data storage and retrieval data, and event
initiatization and mode controiler. Fiqure 2-4 shows the flow chart
of the GASP program.

Figure 2-5 presents a diagram showing the relationship of the
GASP IV subprograms and the user written subprograms., The lines in
Figure 2-5 represent one subprogram calling another. Each of the
user written subprograms can call any of the GASP IV subprograms,
Lines indicating such calls are problem specific and are not shown
in the figure. Subprogram names, having both a solid box and a
dashed box around them, are usually written by the user. GASP IV

gives a "dummy" version if no user version is written,

GASP Input Data Cards

The GASP program has standard innut data cards besides the user
inrit cards. The user input data card is placed before or after,
or both before and after the GASP input data card, depending on the
type of program.

There are twelve types of input data cards as described below:
Data Card Type I

Data card type I is used for recording the name of the programmer,

the number of the project, the date and number of the simulation run.
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Update state

Subroutine STATE
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&

:

Figure 2-4 Functional Flow Chart of a GASP IV Program,
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* Numbered circles refer to destination points in the program,
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Figure 2-4 Functional Flow Chart of a GASP IV Program (Continued)
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The format is (3A4, 3X, 5I5, 1511) for type I data cards.
Data Card Type II

Data card type Il is used if the control variable (LLSUP (2)) is
less than one. It consists of information about subroutine COLCT,
TIMST, and TIMSA, number of histograms, number of parameter sets,
number of plots or tables, number of random streams, maximum allow-
able number of entries in the file storgae area (NSET/QSET), max-
imum number of attributes per entry in NSET/QSET, number of files
in NSET/QSET, dimension of NSET/QSET, number of derivative equations,
number of equations defining in state level and number of state
condition flags (LFLAG) employed. The format is (1515).
Data Card Type III

Input card type III is used only if the number of sets of sta-
tistics collected by subprogram COLCT (HMCLT) is greater than zero
and the control variable (LLSUP (3)) is less than one. The format
of this card is (5X, I5, 2A4) and it contains labels associated
with variables used in COLCT,
Data Card Type 1V

Input data card type IV is used only if the number of sets of
statistics collected by subprograms TIMST and TIMSA is greater than
zero and the control variable (LLSUP (4)) is less than one. The
format of this card is (5X, I5, 2A4, E10.0) and it consists of a
Tabel for TIMST, TIMSA and the initial value for the time persistent
variable,
Data Card Type V

This input data card is used only if the number of histograms

(NNHIS) is greater than zero and the control variable (LLsue {5))
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is less than one. The format of this type of card is (5X, I5, 2A4,
7%, 15, 2E10.0). It consists of a label of histogram, number of
cells of each histogram, upper limit of the first cell of the his-
togram, and the width of a cell for histogram.

Data Card Type VI

Data input card type VI is divided into two types, Type A and
Type B.

Type A is used only if the number of plots and/or tables (NNPLT)
is greater than zero and the cantrol variable {LLSUP (6)}) is less
than one. The format used is (5X, I5, 2A4, 7X, 315, E10,0)., This
card gives information about the label of plot, index of tape, num-
ber of variables for the table or plot, keys for specifying the type
of table or plot, and intervals between successive plot points,

Type B is used only if IJ (Index) is less than the number of
variables to be plotted or tabled. The format used is (5X, I5, Al,
2A4, 1X, 215, 2E10.0). This card gives plot symbols, labels for
plots, keys for specifying lower and upper limits and values associated
with lower and upper limits of plot ordinates.

Data Card Type VII

This type of card is used only if the number of files in the file
storage area {NSET) is greater than zero and the control variable
(LLSUP (7)) is less than one. The format is (14I5). This card gives
information about ranking attributes for files.

Data Card Type VIII
This type of card is used only if the number of files (NNFIL) in

the file storage area (NSET) is greater than zero and the control

variable (LLSUP (8)) is less than one. The format of this card is
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(1415), This card consists of keys for priority systems to be

used in the files,
Data Card Type IX

This type of card is used only if the number of state and
derivative equasions (NNEQT) is greater than zero and the control
variable (LLSUP (9)) is less than one, The format of this card is
(215, 5E10,0), This card has information about accuracy, mimimum
and maximum step size permitted, and keys between communication

points.
Data Card Type X

This type of card is used only if the number of parameter sets
(NNPRM) is greater than zero and the control variable (LLSUP (10))
is less than one, The format of this card is (5X, I5, 4E10.0). This
data card has information about parameter set numbers and parameter

numbers,
Data Card Type XI

Data card type XI is used only if the control variable (LLSUP (11))
is less than one, The format of this card is (415, 2E10.0, I5, (6I5)).
This data card yields information about stopping the simulation, whether
statistical array should be cleared during initialization, and the

initialization of the random number seed,
Data Card Type XII

This type of card is used only if the number of files in NSET

(NNFIL) is greater than zero and the control variable (LLSUP (12))
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is less than one. The format is (5X, I5, (6E10.0)). This data card
gives information about the file number for attributes. If this number

is equal to zero, it shows the end of data card type XII.
Data Card Type ©

Data card type 0 is used only if the remaining number of runs
(NNRNS) is greater than one and the indicator used in DATIN for
initialization (IICRD) is equal to zero, The format of this card
is (1511, 15)., This card is used for multiple runs and it has a

different value for different programs,
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GENERAL VIEWS OF GPSS I1 [7]

GPSS II is an acronym of General Purpose Systems Simulator II.
This program language is one of the easiest simulation languages,

It is not as flexible as GASP IV or other advanced simulation
languages, because of a limitation on the number of blocks, storage
areas, and transaction in systems.

In order for a system to be simulated, it must be reducible to
a series of operations performed on units of traffic. The units of
traffic upon which the system operates relies on the nature of the
system. Traffic may be work items in a production line, electrical
pulses in a digital circuit, or messages in a communications system.
Transactions are the units of traffic that are made and used by the
simulator. These transactions have certain properties which conform
to characteristics of traffic in a system. Each transaction is
associated with a priority, which is one integer between zero and
seven, When competing for service, the transaction with the
numerically higher priority will be the first to be processed. If
transactions have the same priority, the one that has been delayed
longer will be selected first.

The program supplies block types, which present operations in a
model of the system equivalent to the actions happening in the real
system. Each block specifies a number of clock units that the trans-
actions are to spend in that block. The number may be made to depend
upon a number of factors within the system itself, or it may be con-
stant or computed from statistical distribution, Every block specifies

the next step to which a transaction will be sent when its computed
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time interval is completed,

The user gives each block an identifying number to designate
the path of flow. The fundamental properties of some of these
block types are described and all the operations which may be
performed are discussed. Before the properties of these blocks
can be discussed, it is necessary to specify the format of the
block types.

The card fields of the GPSS II blocks are as follows:

Field Columns
LOCATION 2-6

NAME 7-18
X 19-24
Y 25-30
z 31-36
SELECTION MODE 37-42
NEXT BLOCK A 43-48
NEXT BLOCK B 49-54
MEAN TIME 55-60
MODIFIER 61-66
COMMENTS 67-80

In these fields, all numbers should be left justified,

Description of GPSS II Blocks

ADVANCE
Purpose: In this block, transaction waits while the clock advances.
Operand: This block has no operand.

Condition for entry acceptance: It does not refuse entry under any
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condition,
ASSIGN
Purpose: This block modifies the value of the parameter,
Operand: X field gives the parameter numbers, Y field specifies
system variables.
Condition for entry acceptance: It never refuses entry.
ASSEMBLY
Purpose: This block is used to terminate the number of assembly
sets (assembly sets are original and duplicated blocks).
Operand: X field specifies the assembly count, which must be at
least two.
Condition for entry acceptance: It always accepts entry.

COMPARE

Purpose: This block tests the relationship between two system
variables.
Operand: X field gives the system variable that is going to be
tested. Y field is specified by Mnemonics (kind of relationship).
Z field gives the system variable that is going to be tested.
Condition for entry acceptance: It refuses entry whenever the
relationship is false.

ENTER
Purpose: This block places one or more units into storage,
Operand: X field specifies the storage number, Y field specifies
the number of units to be stored.
Condition for entry acceptance: It never refuses entry.

GENERATE

Purpose: The GENERATE block creates transaction,
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Operand: X field gives the time of the first transaction, Y field
specifies the 1imit count, 7 field gives the priority of a central
transaction. Mean time should be given for the interval between the
creation of two transactions. The modifier can be specified two ways,
first, by a constant value which gives a uniform random variable,
Second, by a function which gives the form of distribution.
Condition for entry acceptance: It never accepts entry.

GATE
Purpose: This block tests the status of some entities.
Operand: X field is given by Nmemonic, followed by a number
(facility number).
Condition for entry acceptance: It refuses entry whenever indicated
status is false.

INDEX
Purpose: The INDEX block is used to compute a transaction parameter
value for temporary use. A constant is added to the specified para-
meter and stores the result in Parameter 1.
Operand: X field gives a parameter number., Y field gives the constant
value,
Condition for entry acceptance: It never refuses entry,

LoGIc *
Purpose: This block changes the status of the LOGIC switch,
Operand: X field is specified by S(set) or R(reset), plus number.

Condition for entry acceptance: It never refuses entry,

*
Initially LOGIC switches are reset (0).
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LEAVE
Purpose: The LEAVE block takes a unit out of storage.
Operand: X field specifies the storage number, Y field gives the
number of units to be taken out,
Condition for entry acceptance: It never refuses entry,

LOOP
Purpose: This block causes a transaction to cycle through a set of
blocks several times.
Operand: X field gives a parameter number,
Condition for entry acceptance: It never refuses entry,

MARK
Purpose: This block marks the transaction with the current clock time,
Operand: X field is either blank or contains a parameter number. When
using a parameter number, the parameter number should be marked,
Condition for entry acceptance: It never refuses entry,

MATCH
Purpose: The MATCH block is used to synchronize the movement of the
assembly set,
Operand: X field specifies the block number of a MATCH block.
Condition for entry acceptance: It always accepts entry,

PREEMPT
Purpose: This block attempts the higher level usage of facility,
Operand: X field gives the facility number,
Condition for entry acceptance: It refuses entry if the facility has

already been preempted,




T

25

PRIORITY
Purpose: This block is used to set PRIORITY of entry transactions,
Operand: X field is used to specify the value of PRIORITY, Y field
is either blank or buffer,
Condition for entry acceptance: It never refuses entry,

PRINT
Purpose: This block is used to print out some expected value,
Operand: X field specifies the first location of SAVEX to be printed,
Y field specifies the last location of SAVEX to be printed,
Condition for entry acceptance: It never refuses entry.

QUEUE
Purpose: It records one or more entries into a Queue,
Operand: X field gives the QUEUE number, Y field specifies the
number to be added into QUEUE,
Condition for entry acceptance: It never refuses entry,

RELEASE
Purpose: The RELEASE block is used to end service on facility.
Operand: X field specifies the number of facility,
Condition for entry acceptance: It always refuses entry,

RETURN
Purpose: This block is used to end the preemption,
Operand: X field gives the facility number,
Condition for entry acceptance: It never refuses entry,

SAVEX
Purpose: This block allows the user to gather and print information
from the block diagram, and transmit information from one transaction

to another,




26

Operand: X field of this block specifies a SAVEX storage location,
Y field gives the system variable to be used in the modification,
Condition for entry acceptance: It always accepts entry.

SEIZE
Purpose: The SEIZE block begins service on a facility.
Operand : X field specifies the number of facility.
Condition for entry acceptance: It refuses entry if it has already
seized.

SPLIT
Purpose: This block creates a duplication of each transaction that
enters the block.
Operand: There is no operand.
Condition for entry acceptance: It always accepts entry,

TABULATE
Purpose: This block gives statistics on the simulation program.
Operand: X field specifies the number of TABULATE blocks.
Condition for entry acceptance: It always accepts entry.

TERMINATE
Purpose: The TERMINATE block removes transactions from the block
diagram.
Operand: X field should be left blank or specified by the letter R,
If R is used in the X field, the termination counter would be reduced
by one.
Condition for entry acceptance: It does not refuse entry under any

condition,
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The standard upper limits of blocks, storage, etc, are given

for GPSS II in Table 2-1:

27

item

Blocks

Facilities

Storage

Queues

Logic Switches
Savex Locations
Functions

Tables and QTABLES

Variable Statements

Transactions in System

Std, Max,

800
200
200
200
500
500
100
100

50

1000

Words/Item

Table 2-1 GPSS II Standard Block Limits,




GENERAL VIEWS OF THE ADA LANGUAGE

The ADA language was designed by a team led by Jean D. Tchbiah,

It has been chosen as the name for the common Yanguage, honoring
Ada Augusta, the daughter of the poet, Lord Byron, and Babbage's
programmer [g].

The ADA lar~uage was designed with three concerns in mynd:

a recognition of the importance of program dependability and
maintenance, a concern for programming as a human activity, and
efficiency.

The ADA language is a modern algorithmic lTanguage which con-
tains the usual control structures, and is able to define types*
and subprograms. ADA is also capable of serving the need for
modularity, whereby data, types, and subprograms can be packaged.
Any program in the ADA language is a series of higher level pro-
gram units, with the capability of compiling separately.

The program units can be a subprogram which is an executable
algorithm. Package modules are collections of entities or task
modules which are concurrent calculations, The subprogram,
package modules, and task modules are described in more detail
as follows:

Subprogram
A subprogram is an executahle unit which is the basic unit for

expressing an algorithm. A subprogram can have parameters, which

L 4
A type characterizes a set of values and a set of operations that

apply to those values.
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show its connections to other program units. There are two kinds
of subprograms in the ADA language: (1) procedures and (2) func-
tions. These are described below:
(1) Procedure Subprogram

A procedure subprogram is the logical equivalent to a series of
actions. For example, it may read in data, update variables, or
produce some output.
(2) Function Subprogram

A function subprogram is the logical equivalent to a mathematical
function for computing a value,
Package Modules

A package module is composed of fundamental units to define a
collection of logically related entities,
Task Modules

A task module is almost like a package module, but with more
capability for parallel processing. A task can be carried out on
multiple processors or with interleaved execution on a single pro-
cessor, the same as procedure entries can have a parameter showing
the transmission of data between tasks.

Fach program unit usually consists of two parts:
(1) a declarative part and (2} a sequence of statements.
These are described as follows:

(1) A declarative part defines the logical entities to be
used in the program unit and associates names with declared
entities. A name can be a variable, a constant, or a type.

(2) A sequence of statements defines the execution of the
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program unit. A statement describes the type of action to be taken,
An assignment statement indicates that the current value of a variable

should be replaced by a new value,

Exceptional Situation in the ADA Language

In the ADA langquage, sometimes the computer reaches the point
where normal program execution can not continue, For example,
it may be needed to access the value of an uninitialized variable,
To overcome this situation, the statements of a program unit can
be textually followed by an exception handler describing the action

to be taken if an exceptional situation arises.



™\

31
GENERAL VIEWS OF £css 1T [9]
ECSS II, or Extendable Computer System Simulator II, is called
"ex-two". This program language has been constructed for simulation

models of a computer-based system; it is an extension of the general
purpose simulation lanquage SIMSCRIPT II, and that language is im-
plied as a subset. It gives a wide selection of statements and data
structures for describing common computer hardware structures, soft-
ware operations, and work load characteristics in a natural and
straight forward notation. In general, the ECSS II program includes
a preamble, a system description section, a work load description,
attomatic event routines, and SIMSCRIPT routines. These character-
istics are described below:
(1) Preamble

The preamble statement is used only if defining new global
variables, functions, and entities,
(2) System Description Section

The section which describes the system of an ECSS II program
defines the simulated resources in an ECSS II model. Declarative
statements in this part give the name and number of every device,
specify device characteristics and capabilities, show how devices
are interconnected, and describe paths through which simulated
data may pass.
(3) Work Load Description Section

This part of the ECSS II program defines routines which are
called processes and may be used to characterize the load on a

computer system's resources, The load is determined by the
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environment and behavior of the program that comes to be executed
as a result of environmental demands,
{4) Automatic Event Routines

This section of the program is generally used for simulation
monitoring and control and for representing actions that happen
outside the model itself.
(5) SIMSCRIPT II Routines

SIMSCRIPT II routines, formed by a translator, consists of the
initialization routine, the translation of automatic event routines,
the translation of process routines, and process routines.
Processing

Producing an executable ECSS program is a three-step procedure:
translation, compilation, and editing. This is illustrated in
Figure 2-6.
Simulation Reports

£CSS produces three types of outputs: system display output,
statistical output, and tracing output. These are described as
follows:
System Display

This report is created by the SHOW SYSTEM statement. It pro-
duces the name of each device group and specifies whether it is a
device or a class, and shows characteristics of the device groups
and the state of model at any point during simulation.
Statistics

ECSS II can provide statistics on model performance at any

particular interval. ECSS Il automatically collects data on the
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activity of each device and contents of queues and is produced 1y
the SHOW STATISTICS statement,
Tracing

This part of output gives details about interactions within

a computer system and traces each step of the simulation model,
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CHAPTER TIII

GENERAL IDEAS OF MUXSIM

MUXSIM is the abbreviation for Multiplex Simulation [2] [10] Ell] .
It consists of four major subsystems: the utility, the ststic, the
dynamic, and the executive, These subsystems are then divided into
programs, subprograms, and subroutines or modules, Most of these
are written in FORTRAN and some are in GASP, The executive uses the
TOPS-10 control statement, Figure 3-1 illustrates the MUXSIM System
Data Flow Chart.

The four major parts of MUXSIM are described as follows:
(1) Utility Subsystem

The utility subsystem is a module of MUXSIM which manages the
signal flow list, withdrawing the simulator inputs from it, This
subsystem is also the management system for MUXSIM, In checking
the Equipment Complement for completeness, signal deficiencies,
and flagging any equipment, the utility subsystem uses the information
from the signal flow Tist,
(2) Static Subsystem

The static subsystem deals with all the signal information,
grouping, and handling, such as remote terminal assignments, word
maps, message maps, as well as fixed format bus loading and utilization
computation.
(3) Dynamic Subsystem

The dynamic subsystem, consisting of two discrete-event modules,
handles the random messages, scheduling tasks, and computes the dynamic

bus loading and time statistics, It is called "dynamic" because

_—
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stochastic events characterizing such phenomena as multiplex system
failure, bus noise, and time variable data transfer requirements are
considered. This system uses the simulation Tanquage GASP IV as a
component .,
(4) Executive Subsystem

The executive subsystem supplies the interface between the user
and the other three subsystems: the utility, the static, and the
dynamic. It has an interactive section with optional coaching to
assist the user and to make learning the simulator operation easier.
Figure 3-2 shows the MUXSIM Moduiar Software Structure and their

relation to one another.

j[ Operator

Interactive
Executive
Subsystem
\
Ytitity Static Dynamic
Subsystem Subsystem Subsystem

Figure 3-2 MUXSIM Modular Software Structure,
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The Purpose of the MUXSIM System

The purpose of the MUXSIM system is to prepare the design and
design accuracy of a digital system, used by those interested in
carrying out the system design of a digital information transfer/
multiplex system, MUXSIM directs questions of data bus utilization
and/or bus traffic loading,

The MUXSIM programs serve to combine specific analysis and
prototype hardware. MUXSIM provides a means of interacting parts
of the detailed analysis (such as updating rate requirements,
sampling requirements, data buffering requirements, bus data
requirements, processing delay requirements) for numerous point-
to-point signaling into logical requirements which can be confirmed
for compatible operation by a computer, before attempting a hard-
ware development program,

MUXSIM is devised to be applicable to a set of multiplex system
designer's questions that cannot be promptly answered by other

available means,
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DESCRIPTION OF THE MUXDA PROGRAM

Demand Access Transfer

This model basically deals with a demand access information
transfer over the bus. The demand access messages are transmitted
after the fixed message requirements are finished and until either
the demand messages are used up or time has come for the start of
the next fixed message transmission sequence, The central con-
troller should know the length of every transmission and prevent
the transmission of a demand message if it will interfere with
the start of a fixed message.

Shown in Figure 3-3 is the demand message multiplex system

schematic representation.

Statement of the Problem

MUXDA represents an information transfer system which has a
fixed format data transfer foreground and an interrupt enabled
demand access first-in, first-out background. This system is
expected to reduce bus loading and the delay in access of the
sporadic data.

Some of the assumptions made to allow the simulation to cycle
faster are: error and failure-free environment, interrupt system
which allows the Central Control to initiate command/response re-
guests for the demand access data, foreground with fetch messages
on a fixed telemetry format command/response basis, and foreground-
background mode similar to hybrid analog-digital real-time operating
system. Other assumptions are that the foreground transmission has

no sporadic motion, and the computed bus load for each transfer is




DEMAND
MESSAGE
INTEPRUPT
LINES

CEMAND
MESSAGE
INTERRUPT
LINES

“igure 3-3

REMOTE
TERMINAL
#N

|

PEMOTE
TERMINAL
N+

BUS
CONTROL

|

REMOTE
TERMINAL
#M

REMOTE

#1

—

TERMTHAL

40

DATA RIS

Demand Message Multiplex System Schematic Representation,




=

41

available from the static subsystem in a Tumped sequence for each
fundamental update interval. A further assumption is that the
command response for this demand access data is initiated by central.
Central knows the length of data transmission for each demand access
message and does not initiate a demand message transfer which could

interfere with the next foreground transmission,

Simylation Qbjective

The objective of this simulation is to determine bus resource
utilization impact on the technique of using demand access background

transfer for signals of sporadic nature.

GASP_IV Simulation Structure and Program Variables for MUXDA

In this problem, there were two files used. Table 3-1 gives
the definition of the files and their associated characteristics
for this simulation. File 1 is the event file as per GASP IV
and File 2 stores the demand message arrival., Table 3-2 defines

the non-GASP variables.

Main Program, Subroutine INTLC and Subroutine EVNTS Description

Main Program

The Main Program establishes the card reader (NMCRDR) and Yine
printer (NPENT} values and subroutine GASP is called,

In this program, a temporary disk file is not used and plot
data is stored in the QSET. The MUXSIM executive system is not
used, therefore it is not necessary to use subroutines CHAIN,

RESTOR, and GETCOM.
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[ ]
ATTRIBUTES FILE 1 FILE 2
Arrived
File Definition Cvents demand message queue
ATRIB (1) Event Time Message Length
Event type = 100*1+J
(2) where I = event type |Demand message Numher
J = sub type
Message length {if event|Time of arrival in
(3) type is 200 otherwise it wait queue
is a don't care
situation)
I = Event Type
100 - FUI time start
200 - Start of FII free time
300 - End of Demand Message
400 - Demand Message arrival
J = Sub Type
1
100 | FUT Number (1,MFUIS)
200 | FUI Number (1,MFUIS)
300 Demand Message Number
(1,NDM)
400 | Demand Message Number
(1,NDM)
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Variable

Definition

oM (I,J)

DMSENT (1)

FUI

FUIT

FUIFX (1)

FUINXT

FUIWAT (1)

MODE

DM

TR

NFUTS

Demand message parameter definition

J = Demand message number (1,NDM)

1

Demand message parameter, where:

1 = mean time between demand message
occurrence

2 = Maximum A of uniform distribution
about mean

3 = Demand message length

Sum of demand message lengths sent for a particular
FuI, where 1 is the FUI number

I = (1,NFUIS)

Fundamental Update Interval for data transmission
on bus

The time of occurrence of the last FUI numbered 1

Sum of the Fixed Message lengths sent for a
particular FUI, where I is the FUI number

I = (1,NFUIS)
The next FUI start time
Data bus idle time per FUI, computed by subtracting
time of end of last Demand Message sent from start

of next FUI. I is the FUI aumber (1,NFUIS).

MODE

1 is FIFO;

MODE = 2 is Targest to FIT in interval first.

Maximum quantity of demand messages which the system
must process,

NFUL is the integer comment FUI number.

Maximum number of FUI intervals, This is the
number of minor frame cycles per major frame,

Table 3-7

Definition of non-GASP VYariabhles.
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Subroutine INTLC

Subroutine INTLC is called via subroutine DATIN, in order to
read in the simulation data cards and to set up the initial conditions
from the input data cards or algebraic statements.

In this program, subroutine INTLC reads in Card Type I, Card
Type II, and Card Type III. Card Type I defines the FUI duration
and run mode, Card Type II specifies the FUI fixed message sequence
duration, and Card Type Il gives the demand message, A1l non-GASP

user input data are printed out to make checking easier.
Subroutine EVNTS

Subroutine EVNTS sends control to one of the four user written
subroutines: FUIT, FUIFRE, ENDDM, and DMARIYV., The events of the
simulation, in the order of their event code are:
100-Start of fundamental update interval time (FUIT)
200-End of fixed message transmission on bus {FUIFRE)
300-End of demand message transmission on bus (ENDDM)

400-Arrival of demand message to the queue (DMARIY)
Subroutine FUIT

Subroutine FUIT performs the following functions:
{1) In order to prevent round-off errors from accumulating and
destroying the results, FUIT establishes the beginning of a major
frame,
{2) 1In order to demonstrate the validity of operation, FUIT prints

out the following for the first 100 intervals: the number of messages
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in the queue, the length of demand messages transmitted in a
fundamental update interval as a percent of the time available
for demand message transmission, and the bus idle time as a
percent of the time available for demand message transmission.
(3) For each FUI, a histogram of the length of the demand
message transmission sequence is formed,

(4) By calling subroutine NXTFUI, the next FUI is scheduled,

(5) This FUI is scheduled for the start of the FUI free time,
Subroutine FUIFRE (NF)

The end of message transfer for FUI is established in sub-
routine FUIFRE, which performs the following functions:
(1) This subroutine processes the end of a message transmission
and schedules the next,
(2) It establishes if there are any messages to be transmitted
and/or the time remaining to do so.
(3) The routine tests to see if a message can be transmitted within
the remaining time in FUI.
(4) This subroutine is designed to branch a specified mode and
select the message for proper transmission according to that mode.
(5) FUIFRE brings the total length of demand messages up-to-date
that are being sent during that FUI; also, it updates the FUI free

time to the present remaining time.
Subroutine ENDDM (NM)

The start of a demand message transfer for FUI is established

in subroutine ENDDM, which performs the following functions:
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(1) ENDDM performs the end of the demand message arrival processing
and establishes a histogram.
(2) It programs the arrival of FUIFRE while pointing out the end of

the message transmission in that FUI.
Subroutine DMARIV (ND)

The arrival of a demand message on the queue is established in
subroutine DMARIV, which performs the following functions:
(1) DMARIV calls for the scheduling of the next demand message
arrival and processes the arrival of the demand message.
(2) 1t files the current demand message on the queue where it waits

for transmission on the data bus,
Subroutine NXTFUI (I,WHEN)

Subroutine NXTFUI performs only one function; that is, the
scheduling of the next FUI arrival.
I is the index of the FUI interval number. WHEN is the index of

the next start time for this FUI interval,
Subroutine NXTDM (I)

Subroutine MXTDM performs only one function; it schedules the
arrival of the next demand message.

I is the index of the Demand Message number,
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Simulation Report

The MUXDA outputs are given in the following section. Figure
3-4 shows the input data echo check, provided by subroutine DATIN,
Figure 3-5 presents the printout of the files that are obtained at
the end of subroutine DATIN, After the GASP IV summary report, there
are twenty histograms for the first run, which give the observed, the
relative, and the cumulative frequencies for each cell. For example,
histogram number two shows that thirty-one percent (31%) of the message
has delay time less than or equal to ,N3 of the time unit, The length
of the delay time is from the message arrival to the end of the trans-
fer., Histogram number eleven shows that ninety five percent (957%) of
the length of the demand message is less than or equal to .15 of the
time unit,

In Figure 3-6, three variables versus time are plotted. These are
as follows:
(1) The number of messages in the queue, versus time
(2) The lenath of demand messages transmitted in a fundamental update
interval as a percent of the interval time available for demand message
transmission, versus time
(3) The bus idle time as a percent of the time available for demand
message transmission, versus time
This plot is expanded and is shown in Figures 3-7, 3-8, and 3-9,
Figure 3-10 shows the output for MUXDA in the second run, Figures 3-12,

3-13, and 3-14 are expanded plots of Figure 3-11,
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Figure 3-4 GASP IV Input Echo Check and User Input Data Incorporated in MUXDA.
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Figure 3-5 (Continued).
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Figure 3-5 (Continued)
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Figure 3-5 (Continued).
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Figure 3-5 (Continued).
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Figure 3-10 (Continued),
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Figure 3-10 (Continued).
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Figure 3-10 (Continued).
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A DESCRIPTION OF THE PMUXDB PROGRAM

The MUXDB model refers to redundancy management and fault-
handling phases of the multiplex system., Regarding the means by
which faults will be dealt with and system redundancy controlled,
this is an area of great complexity in the design of multiplex
systems., Redundancy is designed into multiplex systems to reduce
malfunctions.

MUXDA and MUXDB basically have the same key features, but
both models are important because it takes longer to cycle through
an equivalent simulated time for MUXDB than it does for MUXDA,
MUXDB is a more complex form ~f model DA; the differences include
the following:

(1) extreme noise impact on the data bus

{2) terminal malfunction and impact of failure recovery

(3} the command and response dealt with on an individual message
basis

(4) introduction ¢f message transmission time uncertainties

Statement of the Problem

Hodel DE represents a system consisting of demand access back-
ground message queueing and foreground fixed format message trans-
mission., After completing the fixed message requirement, the demand
access messages are transmitted on a first-in, first-out bhasis.

Model DB takes into account the impact of noise on the dua) redundant
data bus. In order for a failure to result, both data buses must be
impacted by a noise event during transmission of the same message,

In this model, bus failures are generated by using a noise event of



[*¥100 + J and I is
event type and J is
sub-type

Message number (for
event type 100)
Message number plus
number of hits on
buses (for event
types 200 and 300)
Moise generator
number {for event
types 400 or 500)
Don't care (for
other event types)

78
ATTRIBUTES FILE 1 FILE 2 FILE 3

File Definition Events Arr;;ggaog?and Temporary
' 9 Storage File

ATRIB (1) Event Time Time of Arrival Fvent Time
(2) Event Type where 1000, + Demand Same a5 File 1

Event Type = Message
Number

Time of Arrival in|Same as file 1

Waiting Queue

I = Event Type

100 - Watchdog Timer
200 - Call to a Terminal

300 - Terminal Response to a Call

400 - Noise Start
500 - Moise Stop
6CJ - Terminal Recovery from Failure 500
700 - Terminal Failure

800 - Start a FUI
1000 - Demand Message Arrival

Subtype

400

600
700
800
1000

- Dummy Argument

- Terminal Number 1,NTP

- Terminal Number 1,NTR

- Bus/Noise Designation
1,2,3

- Bus/Noise Designation
1,2,3

- Terminal Numher 1,NTR

- Terminal Number 1,NTR

- FUI Number 1,NFUIS

- Demand Message Number
i ,NDM

Table 3-3 Definition »f GASP Files
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Variable Definition
oM (1,d) Femand Message Parameter Definitinn,
J = Demand Message tumber
I = Demand Message Parameter
where:
1 = Mean time between Demand Message
Nccurrences
2 = Maximum A:of uniform distribution
about Mean
3 = Demand Message length
4 = Terminal to call for this Message
DME Time of the end of the response of the last demand
message sent
FIY (1,J) Fixed message lengths per FUI
J = FUI number
I = (I,NFIX(J)) for particular Fixed Message
within FUI
FME Time of the end of the response of the last fixed
message sent
FUI Fundamental Update Interval (FUI) for data trans-
mission on bus
FUILIT The time of occurrence of the last FUI numbered 1
FUIPRS Time of start of actual message or process for FUI
FUISTA The actual time of FUI start
IB'SY Bus Controller Busy Transmitting or Awaiting
Response (0 = Not Busy, 1 = Rusy)
[CURF The FUI number currently being processed (1,MFUTS)
[Lens The current number of noise events diururting

transmission on the left bus (0,MNOISE)

Table 3-4 Definition of Mon-GASP Variables.

* Time increment hetween two succensive points,
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Variable

Definition

Igv (1)

[RBUS

[RESE

JIT

HSGNp

NB

NDM

MEIY (1)

HFUTS

ML
MG
HMCGH

NNRISE

Terminal Up/Nown Status

I
IpK(T)

11

Terminal tlumber (1,NTR)
(C=Up and Working, 1=Busted)

1

The current number of noise events disrupting
transmission on the right bus {(0,NNOISE)

The number of valid readible responses lost to
timeout

The switch to detect occurrence of the first
scheduled message

The current fixed message number, in FUI, ICURF,
being processed at this time if MSGTYP=1
(Don't care if MSGTYP#1)

The current message type being processed hy the
hus controller, Where MSGTYP equals:

1 for fixed messages
2 for demand messages

Number of noise hits on both buses

Maximum Quantity of Demand Messages which the
System must process

The number of fixed messages to be processed hy
an individual FUI

I = Particular FUI Number {1,NFUIS)

Maximum number of FUT intervals. This is the
number of minor frame cycles per major frame.

Number of noise hits on left bus

Total number of messages sent during simulation
Total number of messages hit on at least one bus
Humber of different noise generators impacting the

system. This is the number of user input noise
generator cards (Max=15),

Table 3-4 Definition of Non-GASP Variahles {(Continued)
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Variahle Definition

NSEUHS (1) Noise generation parameter for generator [ which
denotes hus(es) impacted, (I=1,NNOISE) and
NSBLS{1)=:

I for left bus affected
2 for right bus affected
3 for both buses affected.

MR Number of noise hits on right bus

NTH User input of quantity of terminal down events
affecting system. (Note; a terminal down event
can affect any terminal in system).

MTO Number of timeouts

MTR User input of quantity of terminals in system

UMy (1) (Unused variable)

SLNG (1) Mean length for occurrence of noise event gen-
erated by noise generator I. Where I = (1,NNPISE)

SLYAR Maximum & of uniform distribution about length
SLNG(I) for occurrence noise generator I where
I = (1,NNQISE)

SHEAN (1) Mean time between occurrences of noise events
generated by noise generator I(I = (1,NN@ISE)).

SMYAR (1) Maximum & of uniform distribution about SMEAN(I).
I is noise generator number (1,NNBISE),

TLEN (1) The length of a terminal down time for terminal
down event generator I, (I = (1,NTM)).

TLVAR (1) The maximum & of uniform distribution about time
of terminal down TLEN(1) generated by terminal
down generator 1. (I1=(1,NTM))

TMEAN (1) Mean time for occurrence of next terminal down by
terminal down generator I where 1 = (1,NTM).

TMSENT (1) Total mescage lengths sent per FUI number 1 where

[ = [1,NFUIS).

Fiqure 3-4

Netinitinn of Non-GASP Variahles (Continued).
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Variahle

Definition

TMVAR (1)

TRES

TRVAR (1)

XFUl

Maximum A of uniform distribution about TMEAN(I),
the time of occurrence of next terminal down by
terminal down generator I where [ = (1,NTM).

The mean time of terminal I response where
I = (1,NTR).

Maximum A of uniform distribution about TRES(I),

the response time of terminal I where I = (1,NTR).

FUT in subroutine FUI to avoid labeling problem,

Table 3-4 Nefinition of Non-GASP Variables (Continued)




endless duration, The fareqground transmission of a me<ssage i< <ent
on a resgsaqe-hv-riessaqge hasis, inostead of a fixed non-varying sequence
group, This scheme evaluates the impact of noise on the messaqe. For
separate evaluation, the wessage is separated into the command seament
and the response <egment, Fallure can be recognized hy either a non-
responding terminal or a failure of the controller to acknowledge the
responce. A failure can also be determined by a "watch-dog" timer
cvent that pocurs before a given message response,

The occurrence nf oy failure event causes each terminal on the bus
to faid. Trere are two failure modes: (1} permanent dicatle or
(2% ivtersittent Adicable (that i<, a terminal which recovers from a
failure after a period of time). There is a response tiv+ 3ssociated
witt. pach message, which is uniformly Adistributed. Therefore, under
thieg <ituyation a controller cannot predict the Tenath of time for
transmitting a message. 1f the length of time for an averaqgr message
trancmisnion 15 Tese than the time tc the start of the next FUI time,
the controlier wili schedule its occurrence; however, this program
ac g huilt dn feature which allows a delay of the next FUI fixed
format wesoqge transriscion until the transmission in progress i<

cornleted,
wimulation Nbjectives

The ot tiysa af thio cirulation are to determine hus resource
grtidicataee o e appraack of date handling, in addition to ob-
Pyrnir oo ey groe of the ampact of hys o gneertainties on the data

frarcpartation ticipg . The by gneertainties include variable

recnor e delay s by onodce apd covveopoandieg watch dog requirerents
* A ]
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and terminal failure and corresponding watch-dog requirements,

GASP IV Simulation Structure and Program Variables for MUXDB

In this program, there are three files used, Table 3-3 gives
the definitions of the files and their associated characteristics for
this simulation, File 1 is the event file as per GASP IV, File 2
stores the demand message arrival, and File 3 is the temporary

storage file, Table 3-4 defines the non-GASP variables.

Main Program, Subroutine INTLC, and Subroutine EVNTS Description

Main Program

The main program sets the card reader number (NCRDR) and the
card printer number (MPRNT) and subroutine GASP is called. The
MUXSIM executive system is not used, therefore it is not necessary

to use subroutines CHAIN, RESTOR, and GETCOM,
Subroutine INTLC

This subroutine is called via subroutine DATIN, in order to
read in the simulation data cards and to set up the initial con-
ditions from the input data cards or algebraic statements. The

non-GASP user input data are printed out to make checking easier.
Subroutine EVNTS

Subroutine EVNTS sends control to one of the nine user written
subroutines: WATCH, CTERM, TERMR, NOISES, NOISET, TRMUP, TRMDN,
FUI, and DMARIV, The events of the simulation, in the order of

their event code are:




™\

100-Watch-Dog Timer (WATCH)

200-Call to Terminal (CTERM)

300-Terminal Response to a Call (TERMR)
400-Noise Start (NOISES)

500-Noise Stop (NOISET)

600-Terminal Recovery from Failure (TRMUP)
700-Terminal Failure (TRMDN)

800-Start a Fundamental Update Interval (FUl)

1000-Demand Message Arrival (DMARIV)
Subroutine WATCH (IDUM)

The "watch-dog" timer event is established in subroutine WATCH,
which performs the following functions:
(1) The program increases the number of timeouts (NTO) by one,
(2) To set the requirement for testing a next message, it calls

subroutine NXTMSG (2},
Subroutine CTERM (ITRM)

The call to terminal events is accomplished in subroutine CTERM,
which performs the following functions:
(1) This routine tests for noise hits on the data bus.
(2) CTERM handles message arrival and processing at a terminal and
produces terminal response,
(3) CTERM prevents response if noise hits on both buses or if the
terminal is down,
(4) If there is no response inhibit, CTERM schedules a response,

(5) CTERM increases the number of messages by one in order to record

85
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the total number of messages sent during the simulation,
Subroutine TERMR (ITRM)

Terminal response is accomplished in subroutine TERMR, which
performs the following functions:
(1) This routine checks to see if the terminal response is valid;
if it is not, the "watch-dog" timer is left alone,
(2) It illiminates the "watch-dog" timer and calls the next message
(NXTMSG (3)) subroutine to program the following message if the
terminal response is valid.
(3) 1If the terminal response is valid, but the "watch-dog" timer

has expired, IRESE is increased by one,
Subroutine NOISES (IN)

The noise event process is accomplished in subroutine MOISES,
which performs the following functions:
(1) NOISES processes noise events and schedules the next noise event
arrival and duration,
(2) It establishes which buses are impacted.
(3) This routine marks the meésage on the bus hit according to noise.
(4) It increases the cbunt of number of noise events on the proper
buses by one.
(5) NOISES establishes the end-of-the-noise event,

{(6) It calls the STAT subroutine to record the bus noise data.
Subroutine NOISET (IN)

Moise event termination is established in subroutine NOISET, which
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performs the following functions:
(1) This routine reduces the number of noise events on the proper
buses by one to record the number of noise events left,

(2) To record the bus noise statistics, it calls subroutine STAT,
Subroutine TRMUP (ITN)

Terminal recovery from failure is established in subroutine
TRMUP, which performs only one function: it decreases the terminal
up/down status IOK(IN) by one. The terminal is operational if the

indicator is zero.
Subroutine TRMDN (ITN)

Terminal failure is established in subroutine TRMDN, which
performs the following functions:
(1) To indicate that the terminal is down, it sets the up/down
status IOK(ITN) up one,

(2) TRMDN schedules the next down event for this terminal,
Subroutine FUI (IFUI)

The start of the fundamental update interval is established
in subroutine FUI, which performs the following functions:
(1) If FUI =1, it proceeds to compute the time of the next FUI (1)
start to prevent the round-off error from accumulating and invalid-
ating the results. It then produces the entire schedule for all
FUI starts for the remainder of this frame and schedules the arrival
of the FUI (1) for the next major frame, If FUI # 1, it omits the

above and starts at this point,
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(2) It sets the value for current FUI (ICURF) and sets the value
of the fixed message number to be transmitted to 1, the messcge
type to 1 to indicate a fixed message, and the JTT switch to I to
enable the detection of the first message to be transmitted, It
then calls subroutine NXTMSG (1) to schedule the next possible

call to a terminal,
Subroutine DMARIV (IDM)

The arrival of a demand message is established in subroutine
DMARIV, which performs the following functions:
(1) DMARIV establishes the length, message number, and arrival time,
(2) It files this information in File (2) or the arrived demand
message file,

(3) It schedules the next arrival of this demand message,
Subroutine OTPUT

Subroutine OTPUT is used to gain output in addition to the
standard GASP IV summary report. OTPUT is called prior to sub-
routine SUMRY and is used to print out the following:

(1) The number of timeouts or intervals of time between bus failure
and bus recovery.

(2) The number of valid readable responses lost to timeouts.

(3) The number of bits on the left bus, right bus, and on both buses.

(4) The total number of messages sent.

(5) The total number of messages to hit on one bus or more,
Subroutine NXTMSG (IAM)

The subsequent call to a terminal scheduling is established in

. -
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subroutine NXTMSG, which performs the following functions:

(1) If it is the start of FUI and the bus is busy either waiting
on transmission or a transmission is in progress, it returns to

the subroutines that have been called,

(2) NXTMSG branches on message type to 3 or 5,

(3) It collects a histogram and statistics information for the
first fixed message in FUI,

(4) If possible, it schedules a fixeu message transmission and

a companion “watch-dog" timer event, It then updates the message
number by one, sets the IBUSY flag to busy (one) and increases the
message count by one, and returns,

(5) For a demand message, NXTMSG tests to see if there is time to
send a demand message; if there is, it schedules a call to a terminal
and schedules a companion "watch-dog" terminal event, sets the busy
flag, and increases the message count by one.

(6) If a demand message cannot be scheduled due to lack of time to
achieve the transmission, this routine sets the busy flag to free
and establishes the end of demand message transmission for this

FUI. It then returns to the subroutines that have been called.
Subroutine STAT (ILBUS, IRBUS)

Statistics of time-persistent variables for noise on the left
bus, right bus, and/or both are collected for noise events on the

bus; this is the only function that subroutine STAT performs,
Function RNXT (RMEN, RVAR, ISTRM)

This routine computes the delta time for the next event arrival
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for a given event generation, which is based on a uniform dis-
tribution about the mean, using the random number stream designated
by the user. RNXT performs the following functions:

(1) For calling the next arrival of the event in question, RNXT
establishes the random number stream,.

(2) For the event in question, it establishes the uniform upper
and lower bound,

(3) By using the uniform distribution, RNXT computes the arrival

time.
Simulation Report

The MUXDB outputs are given in the following section, with
particular emphasis on some of the more common data outputs:

Figure 3-15 shows the input data echo check, provided by
subroutine DATIN. Fiqure 3-16 presents the user input cards;

Figure 3-17 is similar to Figure 3-16, but is given in more detail.
The printout of the files that are obtained at the end of subroutine
DATIN (Time 0) is shown in Figure 3-18, and a partial printout of
the event tracing which is obtained from subroutine MONTR is shown
in Figure 3-19,

Figure 3-20 is the GASP 1V summary report, The statistics that
are collected using subroutine COLCT are presented; these show that
the interval time between the start of an actual message and the
response of the last demand message is, on the average, ,016 of the
time unit with the standard deviation of ,0026 of the time unit,
These values are based on 1,000 ohservations., The minimum and max-

imum values observed for the time interval between the start of an
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actual message and the end of the response of the fixed message
are ,011 and ,022 of the time unit, respectively, The average
interval time between the start of an actual message and the end
of the last demand message is ,088 of the time unit, based on
1,000 observations,

The next set of statistics on the summary report is for the
data collected in subroutine TIMST; this shows that the utilization
of noises on the right bus is ,018 of the time unit over the total
simulation time of 1,000 of the time unit.

Statistics regarding the use of files are shown in Figure 3-21.
For example, on the average, there are 23,3 events in file 1, A
maximum of 32 events are stored in the event file,

In Figure 3-22, statistical information for the fixed message
in FUI is given, The figure shows that 91.4% of the first fixed
messages, based on 10,001 observations, has the starting time less

than or equal to .014 of the time unit,
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User Detailed Input for MUXDB,

Figure 3-17
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CHAPTER IV

A SIMULATION EXAMPLL IN VARIOUS LANGUAGES

In this chapter, a single queue, single server simulation ex-
ample is discussed in four languages; they are: FORTRAN, GASP IV,

GPSS II, and SIMSCRIPT II.

The primary goal of this program is to simulate a single queue,
single server system, In this thesis, the server is analogous to
the terminal or bus controller and the queue is the message queue
stored in the controller, The service unit is the data bus itself.
The arrival of a message on a bus is exponentially distributed with
mean time of five minutes and the service time is also exponentially
distributed with mean time of four minutes, This program is simulated
for eight hours (simulation time), The second goal is to use FORTRAN
to implement the model to realize impropriety of the language for
simulation. Figure 4-1 shows the general structure of this problem

in the FORTRAN language,

A Description of the FORTRAN Simulation Program

The FORTRAN Simulation Program performs the following functions:
(1) FORTRAN initializes all variables and parameters and sets the
total time of simulation,
(2) This program checks to see whether the simulation time is over;
if it is over, it calls the proper event to be executed,
(3) FORTRAN calculates the average queue length and the average

service time for all runs,




The flow chart of subroutines ARRIVAL, SERVICE, and DEPARTURE
is given in Figures 4-2, 4-3, and 4-4, respectively, The printout

of this program is given in Figure 4-5,
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Call
RAND (M,R)

Compute First Arrival

e |

t
! Tests if Time of
v Next Service is
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| Tests if Time of Next
Departure is less tha
Time of Next Service and
Time of Next Arrival

Choose the smallest Time of
Transactions and Assign the
Event for chat Transaction

Figure 4-1
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Tests if Simulation
Time is over

TONA: TST
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Flow Chart of Single Queue, Single Server in the FORTRAN

Program,
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Arrival ‘ Departure

Compute
all Averages

Print
Results

STOP

Figure 4-1 Flow Chart of Single Queue, Single Server in the FORTRAN

Program (Continued)
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Subroutine ARRIVAL

The parameters received by this subroutine are: Time of Next
Arrival (TONA), Time of Next Service (TONS), Clock, Time of Last
Queue Change (TOLQC), Queue Length (IQ), Total Queue Length (TIQ),
Facility Status (IFS), Sum of Queue Length (SCCQL), Expected Arrival

Time (EXPA), and Seed for Random Number Generator (N).

Clock = TONA
Y

Compute SOQL

¢ \
_ Jpdate Time of Last
TOLQC = Clock Queue Change
v
TIQ = TIQ + 1
Vi
IQ = IQ + 1

Call RAND

(N,R)

Compute Next Arrival \

Is Facility Busy and
does Queue have more
- than one Trans-
TONS = action?
Clock

IFS: 0&IQ1

RETURN
Figure 4-2 Flow Chart of Subroufineé ARRIVAL.
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Subroutine SERVICE

The parameters received by this subroutine are: Time of Next
Service (TONS), Time of Next Departure (TOND), Clock, Time of Last
Queue Change (TOLQC), Queue Length (IQ), Sum of Queue Length (SOQL),
Sum of Service Time (SOST), Expected Service Time (EXPS), and Seed

for Random Number Generator (N).

Clock = TONS

Call RAND

(N,R)

Compute Service Time
N

Compute TOND
o 7

Accumulate Service Time
¥

Compute SOQL

o\
TOLQC = Clock &Update Time of
I0 = 10 -1 Last Queue Change
W
IFS = 1
TONS = 9999 l

RETURN

Figure 4-3 Flow Chart of Subroutine SERVICE.
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Subroutine DEPARTURE

The parameters received by this subroutine are: Time of Next
Departure (TOND), Time of Next Service (TONS), Clock, Queue Length

(1Q), and Facility Status (IFS),

x\\_ DEPART

Clock = TOND
Yes
TONS = Clock
No
l TOND = 9999
N
IFS =0

»

RETURN

Figure 4-4 Flow Chart of Subroutine DEPARTURE.
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GASP 1V Simulation Program

The objective of this program is to simulate a Single Queue,
Single Server system by using the GASP IV simulation language.
The arrival of a message i< exponentially distributed with mean
time five minutes and the service time is exponentially distributed

with mean time four minutes.

A Description of the GASP IV Simulation Program

The GASP IV Simulation Program is divided into the Main Program
and four subroutines; they are: EVNTS, ARR, BEGS, and FINS,

There are three files used for this program, File 1 is the
event file, File 2 is for queueing the message, and File 3 is for
service facility. The flow chart of this program is shown in

Figure 4-6.
Main Program

The Main Program sets the card reader number (NCRDR) and the

card printer number (NPRNT) and subroutine GASP is called.
Subroutine EVYNTS

Subroutine EYNTS sends control to one of the three user written
subroutines: ARR, BEGS, and FINS. The events of the simulation,
in the order of their event code are:
20 - Arrival (ARR)
30 - Begin Service (BEGS)

40 - Finish Service (FINS)




Provided by User

START

Main Program

Provided by GASP 1V

‘ RESTART )

Initialize GASP
variable and
establish initial
events

Is
run

Subroutine Event
Select Appropriate

completed
?

No

Remove Time
Event from
Event File

4

Advance Time
to Time of Event
Set Event Code

111

Event
\ —T
)
3 r }
} '
Event Event Event |
L ARR BEGS FINS :
L W ;
]
J Subroutine Summary
i Print GASP Summaryf
)
|
]
f RETURN
; Figure 4-6 Flow Chart for GASP Single Queue, Single Server,
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Subroutine ARR

The event arrival process of a message is accomplished in
subroutine ARR, This subroutine records the arrival of a message
and schedules the next arrival of a message, ARR also tests to
see whether there are any messages in the Queue and if the Service
Facility is free, If there are no messages in the Queue and the
Service Facility is free, it schedules another arrival of a message;

otherwise, ARR returns to subroutine BEGS,
Subroutine BEGS

The begin event is established in subroutine BEGS. This sub-
routine removes a message from the Queue, puts the message in the

Service Facility, and schedules the finishing service,.
Subroutine FINS

The finish event process is accomplished in subroutine FINS,
This subroutine removes a message from the Service Facility and

schedules begin service if there are any messages in the Queue.
Simulation Report

Figure 4-7 presents the input data echo check, provided by
subroutine DATIN and a printout of the files that are obtained
at the end of subroutine DATIN,

Figure 4-8 is the GASP IV summary report. On the average,
there are 1,83 events in file 1, with the standard deviation of
.38 minutes, File 2 shows the average Queue length is 2,85

minutes, with the standard deviation of 2.95 minutes, The max-




imum number of messages in the Queue is 12, File 3 shows that

the average utilization time is ,83 minutes, with the standard

deviation time of one minute., The maximum number of messages

in the Service Facility is one,
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GPSS Il Simulation Program

The objective of this program is to simutate a Single queue,
single server system by using the GPSS II simulation language, The
arrival of a message is exponentially distributed with mean time
five minutes and the service time is exponentially distributed with

mean time four minutes,

A Description of the GPSS Il Simulation Program

The GPSS 11 Simulation Program performs the following functions:
(1) This program creates the arrival of a message by using the
GENERATE block.
(2) GPSS II records the entries of messages in the QUEUE block.
(3) It begins service on the facility in the SEIZE block,
(4) The message uses the service facility in the ADVANCE block,
(5) The message frees the service facility in the RELEASE block.,
(6) The simulation terminates when simulation time is over,

The block diagram for this program is given in Figure 4-9,




v

12

13
8,FN2

14
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Message Arrival

Enter the Queue

Capture the Service Facility

Use the Service Facility

Free the Service Facility

Leave the Service Facility

Figure 4-9 The Block Diagram for GPSS II Simulation Program.
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Simulation Report

Figure 4-10 presents the GPSS II printout. The second and third
lines of this printout are the transaction counts for all blocks. For
example, at Block 2, 5 indicates the number of transactions currently
at the block and 53 is the total number of transactions that entered
the block.

Line six gives the following information: the facility number (1),
the average utilization time (.76 minutes), the number of times the
facility was used (48), and the average time for each transaction
(3.37 minutes).

Line nine gives statistics for the Queue, measured by the block
diagram. This includes the following:

(1) the number of the Queue used in the model (1)

(2) the largest number of messages in the Queue (6)

(3) the average number of messages in the Queue (1.45)

(4) the total number of messages entering in the Queue (53)

(5) the number of messages that have no waiting time (12)

(6) the percentage of messages that have no waiting time (22.64%)
(7) the average length of time that messages spent in the Queue
(5.79 minutes)

(8) the average waiting time in the Queue (7.49 minutes), excluding
the messages that do not have waiting time,

(9) there is no table (0)

(10) the current value of the Queue content (5)
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SIMSCRIPT II Simulation Program

The objective of this program is to simulate a Single Queue,
Single Server system by using the SIMSCRIPT II simulation language.
The arrival of a message is exponentially distributed with mean
time five minutes and the service time is exponentially distributed

with mean time four minutes.

A Description of the SIMSCRIPT II Simulation Program

The SIMSCRIPT II Simulation Program is divided into five parts;
they are: Preamble, Main Program, Event Arrival, Event Departure,
and Event Stop Simulation,

The Preamble defines every event, including Service Time, Queue
Change, and Sum of Queue, as variables, It also defines the status
of the model and all integer variables.

The Main Program schedules the arrival of a message, the desired
number of hours for the simulation run, and the start of the sim-
ulation.

The Event Arrival schedules the arrival of a message and creates
a message, It files the message in the Queue and records the total
number of entries. The Event Arrival computes the sum of the Queue
length and schedules the departure of the message., Figure 4-11
shows the flow chart for Event Arrival,

The Event Departure lets the status be idle if the Queue is
empty; otherwise, it removes the first message from the Queue and
updates the last Queue change, The Event Departure destroys the

message and determines the service time, It also schedules the
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Flow Chart for Event Arrival for Single Bus Example,
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departure of the message. Figure 4-12 shows the flow chart of
Event Departure,

The Event Stop Simulation gives the simulation statistics,
such as, the average Queue length, utilization time, the maximum

number of messages in the Queue, and the total entries.
Simulation Report

The average Queue length for this simulation program is
3.69 minutes and the average utilization time is 0.94 minutes,
The total number of messages entered is 99 and the max imum

number in the Queue is 9,
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Figure 4-12 Flow Chart for Event Departure for Single Server Example.
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CHAPTER V

SUMMARY AND COMCLUSION

In the preceding chapters of this report five simulation
languages are presented: GASP IV, GPSS II, SIMSCRIPT I, ADA, and
ECSS 1I. Additionally, a simulation of a simple bus, single queue
system is shown utilizing FORTRAN 1V, GASP IV, GPSS TI, and
SIMSCRIPT II. The objective of this simulation is to obtain
information on queue length and bus utilization and compare the
various programming languages. The ADA and ECSS IT languages
are not available on the Mississippi State University Univac
1108 System, thus there are no simulation runs in these languages.

The primary thrust in this research effort has been the
utilization of AFAL's MUXSIM simulation proqram. MUXSIM was copied
from the AFAL DEC System 10 onto magnetic tape and transported to
Mississinpi State University. Considerable time and effort was
expended in adapting MUXSIM to the UMIVAC 1108 system. Due to
the non-availability of interactive terminals at Mississippi State
University, MUXSIM runs were made in batch mode using card decks.

The following results were achieved with MUXSIM operating on

the UNIVAC 1108 system:

1. The dynamic portions of MUXSIM, MUXDA and MUXDB, were
software modified for use with the UNIVAC 1108 based
GASP V. Simulation runs nf MUXDA and MUXDB are listed

in Chapter IIIl of this report.
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2. GASP IV user subroutines are written in FORTRAN language.
Additional FORTRAN subroutines for expanded plots of MUXDA
bus statistics collected hy GASP IV are listed (p. 154).
See the Appendix for all program 1istings.

3. Data files for MUXDA and MUXDB were linked to GASP IV.

Finally, the ADA and ECSS Il lanauages were caonsidered as
possible simulation tools for future avionics muitiplex data bus
studies. Both ADA and ECSS II are general purpose languages with
attributes which make them candidates for consideration. ADA has
programming features similar to COBOL and PASCAL. The ECSS II
language relies on a computer system with a SIMSCRIPT compiler.
From a practical point of view, it appears ECSS II offers little
advantage over SIMSCRIPT. As mentioned previously, no simulation
runs were made with ADA and ECSS II; the discussion of these
languaqges is based on information obtained from references ({8)
197.

The foregoing statements summarize the work accomplished under
this grant and cover the work statements outlined in the proposal.
An additional study was made for comparative purposes utilizing
GASP 1V, GPSS 11, FORTRAN, and SIMSCRIPT. The results of this

comparison are shown in Chapter IV.
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LIST OF PROGRAMS AND SUBROUTINES
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SUBRCUTINE NOISET(IN)

PROCESSES NTISE TCRYINMATIAN EVENT. REMOVES NUIGE FFNT (D) Facm
SUSCES).

IsNCLOOE [T

COMY¥OUN /MU X T/NNOISE L NSBUS(1S) ,S¥EaN(1S) ,S*VAR(TIS) ,SLNG(TIS) ,SLvAR
1015)

CCMMON /MU Rs/TL3US, TRRUS,

ENC NCISE EVENT

Gor 10(1.2.3)xx~

IiduS=1LBUS =%

e TC ¢

190US=1RgUS~1

50 1¢ 10

1f0US=1R50US5 -1

IL5uS=lLBusS =1

CINTINLE

CALL STATCILBUS W LIREUS)

RETURN

END

FULNMCTION ONYTURYEN,RYAR,ISTAN)

USING UNFI® DERI E A NUMBER TO 40D TO TNOw GIVING NEXT
EVENT TIME, JSTAmM 1S ASSUMED ANY POS]ITIve INTEGER.
13900(1513m,5)+1

XM] =h VAR

[SREES BN

ANAT=RMENeUNFRMOXLS ,XR], 1)

RETUkN

END

SCrRILTINE TR™UP(ITN)

EOSTAILISHES TEAMINAL RECIVERY FROM FA[LED “CDE.

COvM™ON 7y aS/NTR ,TRES (IS ,TRVALCIS) ,NUMVTIS) 10K
I CITN)=I Qe (TTN) -1

RETURN

£EnD

SLERGUTINE TR¥YONCITN)

ESTABLISHES TERMINAL FALILUFE.

INCLLDE I

CCMMON /Myl /T, TMEAYSCTIS ) TMyaR (18)  TLENCTS) , TLVAR(1S)
CIWwON /e XS RNTE TRESITCY ,TAVARIYS) ,NUMV(1S) 10k {19)
IO CITA) =150 (TN e

NEAT J0eN EVEAT

ATATECT )TN Qo NIT CTMEANCITND (T VAR (TN) ,1TY)

ATR ()AL o] TN

CALL FlLev (M)

TERMINAL UP EVENT SCmEOLLED NFXT

TOTUENTDITNDY , TLVAREITIND L TN)
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sCaL= J. 0
DI I 2T T Y
TImg OF NEXT SERVICE
TONS® 3¢ 3¢,

o o % 8

MR AALRLA R RS S A Al E L R A A R R R R R R I Y

TIvE OF NEXT DEPARITURE

TCND3 §36€C,
LA R A R R R R R R R R T T T e

M

“ e e e

ME CF NEXT ARRIVAL
TCNAE (.0

AR AR A R AR AAA R R A R R N R I R R R R  E E A T R T

SYTEm (LOCK
(LOCx= 2,7

A AR R R R R I R I I I I T e .

CALL RAND(N,K)
TONA® <CxPAwALOG(R)

o) CONTINUE
if (TCONA L,GT. TST) GOTO &0
ASSIGN 10 T8 EVENT
iF (TONS LT, TONA) ASSIGN 20 TO EVENT .
ifF (TOND LT, TONS LAND. TOND LT, TONA) ASSIGN 30 TG EVENT
GOT0 EVENT, (10,20,1M)
o CONTINUE
CALL ARIVAL(TONA,TONS,CLOCK»TOLAC (IC,T16G,IFS,50QL, ,EXPA A)
GOTO 200
o CONTINUE
CALL SERVLTONS,TOND,CLOCK,TOLGC,1G,1FS,500L,50ST,6106,n)
G010 200
o CONTINUE
CALL DEPAST(TOND,TONS . CLOCK 3G, 1FS)
G0T0 200
o {ONTINUE
'.t'."l."""I.."'.'-.'0"'.".."".."!"'-"""I'-"'tt't""'n
CALCULATION OF AVERAGE SUSUE LEENGTR(AVAL) ,AVEKAGE .
SERVICE TImE(AVST) .
'.'.""'I""-""'.I"-'.""""""'I'tI""".'Il'."l.'."l'.“'
AVAL= SOGL/CLCC
AVSY=z SOST/CLCCK
§S0CT= SS50GTeAVQL
5808ST= SSCSTeAVST
wRITE(L,Y) AvVQL ,AVST
ol CONTINUE
""""""""""..'.Il"'l'.'..""""l""II'I"II'.".'I't..'.'
.
CALCLLATICN CF AVERACE JUFUE FOR ELL RUN,AVERARAGE .
VTILITRTION FOR ALL RUN WND AVERAGE TiME 7F ¥ESSAGE ENTRY FO3 .
ALL RUN .
""."'t""""It't-t"""'.l-'t't.'l.'."'Il""""t.""."‘.'l!
AyGLT S50&T/°5C,
AyTT=z C5QST /1070,
-QZ'E(:‘s) AVOL ,AVST
FORMAT(INS (/ /1, 33x,'S 1 » g L A T 1 ¢ N ST AT ST s
FORATC O, 150, *AVE QUEUE LENGWT ', i2x0,"AvE LTILIZATICON®
FOSMAT ("2 1 7 ,F% k2% 1,F2,4)
FORAVAT( 30, 20Y,"aVE CUEUE LENGMT FOO ALL SUNS = ' F5,¢,
~/;:'.3:x,'AvE CTILIZATION FOR ALL RUNS £ ', Fe,.e)
rCE
[
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VALCTONATONS CLCCY ,TOLGC, 13,716 IFS, 8030, Ex5a N)
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SIMSCRIPT II Simulation Example

LI B B S S B T R R T R R R I T I I I S N I I IR R R I

Ve

<
v

mu

v LR
T 1e

"~

LR B N S B B A ST

EVENT NCTICES INCLUDE ARAIvAL, JEPARTURE AND STOP.SIMLLATION
TEMPLRARY ENTITIES
Fwbay wpcoSAGE  weyY 3ELONG TO THE LUEJE
SEF.NE S.AwICELTIYE, QUEUS.CMANGE, Su™+3UEUE AS VARIAZL.F
SEFINE STATYUS AS AN INTEGER vARIAALE
SEFINE IICE YT mMEAN
SEFINE QLSY TO o mEan )
DEFINE TOTALLENTRY AS AN INTEGER VAR LBLE
THg SYSTE® OwNS THE QUEUE
TaLLY mAX,SUEUE AS THE MAX]IPU® OF N.GUEUE
ACCUmULATE UTILIZATION AS THE AVERAGE CF STATUS

s0 1) wINUTES

IN EXFINENTIALLFIS5.0,1) »INLTES

NJ.SUEUE > 1, . o

UY e QUEUE (T I™MEavelenli=uURUE 0 =aNGE) eva JLEUE
GURUE

LiLosENTE Y]

2 TIME.veleal.

CELTIvEr EXPONERTIAL,F (6,0, T)

TURE I SESVILELTI®E v]e0TES
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